Movement from the pediatric to the adult health care system is a facet of every youth' s transition to independence. While learning to manage their own medical care, many adolescents also must change providers. Decline in health over this period is pervasive: increasing obesity, 1 sickle cell disease complications, 2 and renal transplant loss 3 are among the many documented poor health outcomes encountered during the transition to young adulthood. These outcomes are often the result of preventable lapses in adherence, 4 follow-up, 5 and insurance coverage. 6 Preventing adverse outcomes during transition requires support, especially for youth with special health care needs. In 2011, the American Academy of Pediatrics, the American Academy of Family Physicians, and the American College of Physicians jointly developed a report on transition that includes a set of specific clinical activities recommended for all youth beginning at age 12 7 ; yet, national data reveal that most youth do not receive needed transition services. 8 A variety of interventions have been used to improve health care transition support, but the evaluation of these interventions is limited. The Agency for Healthcare Research and Quality (AHRQ) recently noted that it is difficult to determine which transition interventions are most effective because of their limited evidence base. 9 Yet, there is an ever-increasing demand to demonstrate impact. Demonstrating the impact of transition interventions requires a comprehensive measurement strategy with an underlying framework.
One such framework is the "Triple Aim," a conceptual model that has been used to determine the impact of the medical home 10 and to guide the redesign of pediatric practice. 11 Developed by the Institute for Health Care Improvement (IHI), the Triple Aim is organized around 3 interdependent goals: (1) improve the individual experience of health care, (2) improve the health of populations, and (3) reduce the per capita costs of care. 12 Starting in 2011 with the enactment of the Affordable Care Act, the Department of Health and Human Services published its National Strategy for Quality Improvement in Health Care by using the Triple Aim to guide development and measurement across the department. 13 Framing transition measurement in terms of these 3 linked goals aligns transition interventions with system-wide improvements in health care.
To elucidate the current state of transition measurement, this systematic review identified published measures used to evaluate transition. These measures are categorized within the Triple Aim framework. By understanding how transition interventions have measuredtheirimpactonexperienceof care, population health, and cost, a more unified approach for evaluating health care transition interventions can be developed.
METHODS

Literature Search
Ovid Medline and the Cumulative Index to Nursing and Allied Health Literature databases were searched to identify English-language articles with abstracts published between January 1995 and November 2013. The search used a combination of medical subject headings and keywords. Search terms were divided into 3 groups: population (eg, adolescent), transition (eg, transition to adult care), and study design (eg, evaluation study). The Boolean phrase "AND" was used between groups and the phrase "OR" was used within groups. The full Medline search strategy is available (Supplemental Table 4 ). In addition, reference lists of relevant review articles were scanned for applicable studies. All results were compiled and duplicates were removed.
Inclusion and Exclusion Criteria
Several criteria had to be met to be included in this systematic review (Supplemental Table 5 ). Studies that met inclusion criteria were limited to those describing an intervention for adolescents transferring from pediatric to adult outpatient health care. Studies aimed at patients with and without chronic conditions (physical, mental, and developmental) were included, whereas those looking at dentistry were excluded. Studies that met inclusion criteria needed to evaluate preintervention and postintervention data or compare the intervention group with a comparison group. Both prospective and retrospective data were accepted. Studies that reported exclusively qualitative data or that did not include a sample size were excluded.
Study Selection
Titles and abstracts were screened by 1 reviewer. Only articles that described an outcome of a health care transition intervention were further reviewed. Two reviewers then read the full text of the selected articles and screened them using an inclusion criteria checklist (Supplemental Table 5 ). A third and fourth reviewer resolved disagreements.
Risk of Bias Assessment
Because the primary interest of this review was identifying measures and not evaluating outcomes, the quality of the articles was not formally assessed. Thus, measures used in a study with a small sample size were considered as important as measures used in a larger study.
Data Extraction
One reviewer extracted data from the included studies and another independently confirmed accuracy. For each article, the country where the study was conducted, the medical condition of the study population, and the number of subjects (n) were reported; n is defined as the number of participants for whom outcome data were obtained. Unless noted, n refers to youth or young adults. To add context to the measures, a brief description of the transition intervention and the study type also are reported (Table 1) .
Data Synthesis and Analysis
The transition measures in each article were then categorized according to the framework of the "Triple Aim." To guide the categorization of transition measures within the domains of experience, population health, and cost, IHI' s "Guide to Measuring the 'Triple Aim,'" 14 and AHRQ' s "Early Evidence on the PatientCentered Medical Home" 10 were used.
As shown in Fig 1, each measure was further categorized within the 3 Triple Aim domains consistent with IHI and AHRQ' s example measures. Experience of care measures were split into satisfaction and barriers to care. Population health measures were organized into adherence to care/guidelines, diseasespecific outcomes, mortality, patientreported outcomes (eg, quality of life, functional status), self-care skills, and process of care. Cost measures were classified according to service use, gaps in care (eg, missed appointments, time without a primary care provider), and cost per patient.
Measures or survey instruments developed by study authors, as opposed to validated tools, are noted. Study results, noted as improvement or deterioration in the Triple Aim, also are summarized as reported by the authors of each article. When reporting on utilization, increased outpatient visits were reported as costeffective and emergency visits and inpatient visits as not cost-effective.
RESULTS
Results of the Literature Search
We identified 2282 articles and reviewed the full text of 104; 33 articles met inclusion criteria and were selected for the review (Fig 2) . The characteristics of these articles are presented in Table 1 . The transition evaluation measures, categorized within the Triple Aim framework, are presented in Table 2 .
Study Characteristics
The selected articles evaluated the impact of a variety of transition interventions for youth with specific chronic conditions. Study designs were primarily pre-post or retrospective, and sample sizes were typically ,100.
Study Populations
Thirteen studies were conducted in the United States and the remaining 18 studies took place in Canada, Europe, or Australia. All 33 studies examined transition in the context of a specific medical condition as opposed to examining transition for all youth with or without chronic conditions. Twelve studies evaluated programs for patient with diabetes mellitus (DM), [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] 4 for transplant recipients, [27] [28] [29] [30] 3 each for those with arthritis [31] [32] [33] and sickle cell disease, 34-36 2 for patients with cystic fibrosis, 37,38 and 1 study each for those with cancers, 39 congenital adrenal hyperplasia, 40 HIV, 41 mental health conditions, 42 inflammatory bowel disease, 43 spina bifida, 44 and kidney failure. 45 One study looked at a combination of patients with traumatic brain injury, cerebral palsy, spina bifida, and degenerative muscular disorders. 46 No study included youth with developmental disabilities, and only 1 examined the impact of the transition intervention on youth with a wide variety of chronic conditions. 47 Although several studies reported qualitative data or surveys from parents, only 1 study surveyed parents before and after the transition intervention. 33 
Study Design
Sample sizes ranged from 10 to 2502, with nearly a third of the studies enrolling #20 in their intervention group.
Fourteen studies collected data before and after the intervention, but lacked a comparison group. Most studies with comparison groups used a retrospective design. Only 1 study was a randomized controlled trial. 44 
Transition Interventions
Although this review does not focus on the specific components of transition interventions, a brief description of each study can be found in Table 1 to provide a context for the measures that were reviewed. Transition interventions were diverse, and their study methodologies were reported on with varying levels of detail. Several interventions consisted of 1 visit, whereas others took place over the course of multiple years. Staff involvement ranged from a single transition coordinator to joint meetings between pediatric and adult teams. Some studies focused on preparing adolescents to manage their own health care, whereas others sought to improve transfer to adult providers.
Health Care Transition Measures
The measures used to evaluate health care transition interventions were widely variable. All domains of the Triple Aim were examined, although only 3 studies assessed all domains of the Triple Aim (Table 3) . 15, 20, 25 Population Health Population health measures were used morethantwiceasfrequentlyastheother 2Triple Aimdomains.Inthe27 studies that included these measures, disease-specific outcomes, patient-reported outcomes, and self-care skills were examined most commonly. Measures that were used less frequently included adherence to care, mortality, and process of care.
Disease-specific measures were examined by 13 studies. Because many investigators looked at youth or young adults with DM, hemoglobin A1C (HbA1C) ).
Three other studies evaluated self-care skills by using project-specific surveys, rather than validated tools. 16, 31, 41 One survey asked about DM knowledge, 16 another about general self-care skills and HIV-specific knowledge, 41 and the third about self-medicating, independent visits, and arthritis knowledge. 31 The remaining 3 studies that measured self-care skills did not use surveys but rather recorded patients' abilities to complete a task, such as attending a doctor visit alone, 43 carrying a selfmonitoring card, 32 or self-adjusting an insulin dose. 26 Adherence to care was measured in 4 studies. Three studies 15, 17, 34 examined 
FIGURE 1
Transition measures categorized according to the Triple Aim framework.
receipt of recommended screenings or medications, and 1 study evaluated transplant recipients' fluctuations in drug levels. 27 Mortality was measured in 2 studies, 29, 45 both of which evaluated the impact of transition interventions on patients with kidney transplants.
Process of care measures were evaluated in only 1 study. 32 This study investigated whether the intervention improved documentation of transitionrelated services in the medical chart, including the age when patients began having independent visits, receipt of a transfer letter by the family, and receipt of records by the future adult provider.
Experience of Care
Experience of care was evaluated in 8 of 33 studies, with almost all measuring satisfaction with care. 15, 20, 25, [30] [31] [32] [33] 38, 43 Barriers to care were measured in only 1 study. 25 Of the 7 studies measuring patient satisfaction, 3 studies 20,30,43 asked specifically about transition services, whereas 3 studies 31,33,38 asked about satisfaction with care in general. One study asked about both areas. 15 The studies evaluating satisfaction with transition support most often assessed awareness of transfer policies, appropriateness of transfer timing, and extent of shared decision-making. Three studies assessed overall satisfaction with care. Two of these studies used the same survey instrument and evaluated practice management (eg, availability of appointments), provider characteristics, and clinical processes. This survey also included a parent version, which contained additional questions on availability of parent support. The third study assessing general satisfaction with care did not include the survey instrument in the published article.
The length and scope of survey instruments to measure satisfaction varied widely. Surveys were as simple as 1 question (asking the patient to rate transition as good, sufficient, or bad 15 ) and as complicated as a 22-item questionnaire. 31, 33 Each study conducted its own project-specific survey as opposed to using an existing validated survey, and only 2 studies 31,33 relied on the same instrument, the Mind the Gap Scale, which has been subsequently validated for use in the juvenile idiopathic arthritis population. 49 Barriers to care were evaluated in only 1 study. 25 Patients were surveyed about their difficulties finding providers, scheduling appointments, establishing relationships with an adult team, and feeling comfortable in a new health care system.
Cost
Cost measures, most often reported in terms of service utilization, were used in 15 of the 33 studies. Fewer studies examined gaps in care or per capita costs.
Thirteen studies measured the impact of transition interventions on service utilization, including primary care, hospital, emergency department, or other services (medication 26 and anesthesia 32 ).
Gaps in care, defined as loss to followup over a specified period, 25, 40 missed appointments, 19 and the time frame between attendance in pediatric and adult clinics 15 were evaluated in 4 studies.
Cost was evaluated in 3 studies. Two studies estimated the total costs of staff and services devoted to transition services, 29, 46 whereas the third study 34 
FIGURE 2
Search summary. CINAHL, Cumulative Index to Nursing and Allied Health Literature. 50 and the TRxANSITION Scale, 51 assess a wide array of skills relevant to youth with and without chronic conditions. Process-ofcare measures also can be used to evaluate transition interventions targeted at a broad population. The paucity of process measures found in this systematic review is likely because many studies were published before the release of the transition recommendations specified in the 2011 Clinical Report. 7 The necessary components of transition delineated in this report were further translated into clinical tools referred to as the Six Core Elements, which include a transition policy, a method of tracking patients, a self-care assessment, a transition plan, a transfer protocol, and a method to elicit consumer feedback. 52 A newly developed process measure, the Health Care Transition Process Measurement Tool, is available to monitor the implementation of these elements and can be used to evaluate the receipt of transition services by all youth. 52 This tool has yet to be validated. Cost indicators also can be specific to transition while remaining applicable to all youth. One such indicator is the use of primary care services by young adult patients. By measuring utilization longitudinally, researchers can correlate transition processes with eventual cost outcomes into adulthood.
Achieving consensus on a core set of transition measures will require a careful, concerted effort involving clinical, consumer, and research expertise. To facilitate this process, AHRQ has defined specific attributes important for quality measurement. 53 These include importance of the measure, clinical logic, measure properties, and feasibility. Critical examination of each of these attributes will be important in developing a consensus. Several current efforts are noteworthy. AHRQ has commissioned a technical brief to describe current transition practice and outcomes to provide a framework for future research. 9 Additionally, The Healthcare Transition Research Consortium has initiated a Delphi process with consumers and providers to elicit potential health care transition measures. 54 Once a core set of transition measures has been developed, sharing these with clinicians and researchers is essential. Practice-based research networks are a proven method for evaluating improvement in primary care. 55 Expanding funding support for transition research networks will allow measurement strategies to be implemented and tested among a broader group of youth. Building on the investment in evaluation that the federal government, private foundations, and health plans have made in the areas of medical home and transition from hospital to community-based settings, the field of pediatric to adult health care transition could benefit from similar leadership and support. 
CONCLUSIONS
